The large-scale generation of electricity is a major contributor to increasing levels of greenhouse gas emissions, putting pressure on the industry to reduce its environmental impacts. Electricity utility companies are looking to two strategies to help make this happen: the smart grid and demand-side management. Viewing the challenge from an IS perspective, this study attempts to answer the question: do smart grid information systems and technologies make a difference in utilities' efforts to promote energy efficiency? Drawing on organizational information processing theory and extending it by integrating the concept of information waste, two competing hypotheses are developed and tested using hierarchical regression and data from 543 U.S. electricity utilities. The model, incorporating four levels of metering devices, is found to explain a high portion of the variance in energy efficiency effects of demandside management programs. This suggests that there are IS-enabled information processing capacities within smart meters that have a significant influence on utilities' EDM effectiveness. However, the results also point to the potential for both positive and negative effects. Implications of these findings for practice and future research directions are discussed.
energy efficiency? However, given the nascent state of the smart grid, there is limited published research in this area. Most of the early demand-side research focuses on the adoption of smart meters by consumers and the resulting outcomes on electricity use. Despite evidence from pilot studies indicating that customers can achieve significant reductions in their electricity use (and costs) when smart meters are introduced (Hartway et al. 1999; Stromback et al. 2011) , research suggests that individuals' intentions to adopt smart meters are influenced by a variety of factors. Internal intrinsic motivations, environmental concerns, and pressure from secondary sources (e.g., media) have strong impacts on intentions to adopt smart meter technologies; whereas other factors, such as perceived behavioral control and privacy risk, are less influential (Kranz and Picot 2012; Wunderlich et al. 2012) .
Although customer attitudes and responses to smart meters are important determinants to the ultimate success of utilities' demand-side management programs, research from this perspective only tells part of the story. Smart meters also provide utilities with a large amount of new data and information processing capacities that can be used in the formulation and management of demand-side energy efficiency programs. However, little research attention has been given to the impacts of smart metering on utilities. Thus, an important contribution of this paper is to begin to fill this gap by investigating the relationship between smart meter technologies and utilities' demand-side management programs related to energy efficiency.
As a starting point for this investigation, utilities' management of demand-side programs is conceptualized as an information processing activity, requiring the appropriate collection, analysis and dissemination of information. From here, the paper draws on organizational information processing theory (Galbraith 1973 (Galbraith , 1977 and lean information management (Hicks 2007) to form two competing hypotheses related to information processing capacities and information waste. These hypotheses are examined using secondary data from U.S. electricity utilities. The findings of this study extend the literature in green IS in two ways. First, the study provides an empirical assessment of the relationship between smart grid technologies and utilities' demand-side management performance. In doing so, it highlights the potential for both positive and negative outcomes. Second, this paper provides initial theoretical explanations to explain the mechanisms by which IS contributes to energy efficiency and, in turn, environmental sustainability.
The rest of the paper is structured as follows. In the next section, the paper presents a summary of organizational information processing theory to set the theoretical foundation for the study. Then the paper provides an overview of electricity demand-side management which serves as the practical context of the study. From there, the paper develops two contrasting hypotheses, describes the research methodology, and presents the results of the study. The paper concludes with a discussion of the findings, limitations, implications for practice and opportunities for future research.
Literature Review
In order to explore the relationship between smart grid information systems and technologies and utilities' performance with respect to demand-side energy efficiency programs, this paper draws on the perspective of organizational information processing theory. In the next section, the main tenants of the theory are presented.
Organizational Information Processing Theory
Organizational information processing theory (OIPT), developed as a means of explaining organizational design patterns (Galbraith 1973) , provides useful insights into why organizations' performance varies. Under OIPT, organizations are viewed as dynamically changing information processing systems (Galbraith 1973) , with an organization's performance determined by how well it can gather, interpret and act on information relevant to its task requirements (Daft and Weick 1984; Galbraith 1973) . Three main concepts frame OIPT: information processing requirements, information processing capacities and fit between the two (Galbraith 1977; Premkumar et al. 2005; Tushman and Nadler 1978) . Information processing requirementsdefined as the information required to perform a specific task -depend on a number of factors, such as the nature of the task, task environment, inter-unit task interdependence, and the desired level of performance (Galbraith 1977; Tushman and Nadler 1978) . For instance, in tasks where there is high task complexity or elevated performance expectations, the information processing requirements are greater. On the other side, information processing capacities refer to the information possessed by the organization and abilities to create information in relation to the task (Galbraith 1977) . The information processing capacities of the organization are a function of prior experience, organizational structures, and coordination and control mechanisms (Galbraith 1977; Tushman and Nadler 1978) . When there is a fit between information processing requirements and capacities, OIPT suggests that organizations will achieve optimal performance (Galbraith 1977) . Alternatively, when there is a gap between information processing requirements and capacities, task uncertainty occurs (Galbraith 1977) . Organizational performance will decline in the face of task uncertainty unless organizations take one of two actions: reduce the information processing requirements or increase internal information processing capacities (Galbraith 1977) . Information processing requirements can be reduced by a number of strategies, including: managing the task environment, creating slack resources and buffers, or redefining 6 tasks to be simpler and less interdependent. With respect to the second approach, information processing capacities can be enhanced through structural changes or investments in information systems that help to facilitate and streamline information flows within the organization (Galbraith 1977; Premkumar et al. 2005) .
IS scholars have applied OIPT to understand how information systems are used within and across organizations and how information systems affect organizational performance (e.g., Fairbank et al. 2006; Hult et al. 2000; Mani et al. 2010; Premkumar et al. 2005) . For instance, greater complexity within a global sourcing organization requires higher information processing capacities (Trautmann et al. 2009 ), and higher information processing requirements are positively related to the adoption of internet-based technologies (Melville and Ramirez 2008) . There are many ways in which IS can help to increase information processing capacities: advanced communications technologies can provide both vertical or lateral integration structures (Fan et al. 2003; Lee and Grover 1999) , while IT infrastructure flexibility can enhance information generation, information dissemination and organizational responsiveness (Bhatt et al. 2010) . In complex environments, IS have an essential role in enabling organizations to develop otherwise impossible skills and capabilities (Trkman et al. 2010) . To the extent that IS contributes to greater information processing capacities, they can also contribute to greater organizational performance (Fairbank et al. 2006; Hult et al. 2000) .
Using the lens of OIPT, the design and management of demand-side programs by utilities can be viewed as an information processing task and the smart grid may be able to provide utilities with new information processing capacities. However, before moving to that discussion, electricity demand-side management and the information processing requirements associated with it are described.
Electricity Demand-side Management
Demand-side management is focused on the downstream activities associated with the consumption-end of the value chain, with the objective of understanding, influencing and managing consumer demand (Canever et al. 2008, p. 106) . Benefits to organizations from demand-side management include: reductions in capital outlays required to meet peak demand, better use of existing resources, elimination of stock-outs that negatively impact revenue or competitive positioning, and improvements in organizational performance in terms of quality of service, efficiency and financial results (Iyer et al. 2003; Jack and Powers 2009; Mason et al. 2010) . Influencing customer demand is also a cost effective strategy to address increased scarcity of supply, such as with water (Brandes 2005; Zarghami 2010) , and reducing environmental impacts of sectors such as transportation (McCollum and Yang 2009) and energy (Mason et al. 2010) . To achieve any of these outcomes, demand-side management incorporates a number of different processes and strategies (Lapide 2006 ) that vary by time horizon, level of impact and responsiveness.
There are two main types of electricity demand-side management (EDM) strategies -energy efficiency and load management -with the greatest emphasis to date being placed on the former. Energy efficiency programs are aimed at reducing the energy used by specific appliances or devices, without reducing the service these devices provide (Energy Information Association 2011). These programs are typically longer-term and do not explicitly target the timing of demand. Reductions in energy consumption are typically achieved by substituting more efficient equipment (e.g., compact florescent light bulbs, high-efficiency heating, appliances). The second type of EDM strategy, load management, is more dynamic and attempts to balance demand with available supply in real (or near real) time. Load management often involves demand-response programs where the electricity services being provided to the customer may be interrupted or altered based on a variety of real-time signals (e.g., price, availability, grid conditions) (Energy Information Association 2011). The responses to the signals can either be automated and controlled by the utility or undertaken voluntarily by the customer based on information provided by the utility.
Across all industries, the information processing requirements of demand-side management are high as the task depends on the collection, integration and communication of both upstream (supply) and downstream (demand) information (Adebanjo 2009; Lapide 2006 ). In addition, demand-side management is a complex process that depends on a number of different analytical techniques for forecasting demand, estimating potential responses, and assessing impacts (Anderson and Carroll 2007; Jack and Powers 2009) . However, there are several unique characteristics to the electricity sector that elevate the information processing needs of EDM. First, electricity is a taken-for-granted resource consumed in a continuous fashion. People generally do not think about consuming electricity, but use it indirectly as they consume other services (e.g., entertainment). As such, consumption (demand) decisions are influenced by a more complex set of criteria and behaviors (Abrahamse and Steg 2009) which utilities must take into account. Second, electricity is considered a public good and, as such, falls subject to regulations that further complicate the task of EDM (Buliung et al. 2010 ). Finally, electricity has become so integrated into economic and social life that power blackouts come at a very high cost (Achenbach 2010) and reduces utilities' flexibility to use stock-outs as a demand-side management strategy (Iyer et al. 2003) . In sum, the task of EDM requires the collection and analysis of complex information from diverse sources, extensive communication with internal departments, supplies, customers and other external stakeholders, while maintaining a continuously available and reliable stream of electricity to consumers.
Hypotheses Development
As just discussed, the information processing requirements for electricity demand-side management are complex highly complex. As such, utilities would require a similarly high level of information processing capacities.
Thus, returning to the question motivating this study, the paper now considers how information systems that are part of the smart grid support can support utilities' EDM activities.
Information Processing Capacities and EDM Effectiveness
Although multiple options exist for enhancing information processing capacities, consistent with other IS research (e.g., Premkumar et al. 2005) , this paper focuses on the level of IS support related information collection, business analysis, and communications. At the first level, information collection, organizations require accurate, relevant and timely information in order to make effective decisions. UPS's deployment of telematics, for instance, demonstrates how the collection, analysis and use of information can lead to a wide range of improvements in organizational performance (Watson et al. 2010a; Watson et al. 2010b) . A second aspect of IS-enabled information processing capacities is business analytics, which is the "application of advanced analytic techniques to data to answer questions or solve problems" (Trkman et al. 2010, p. 319) . In this regard, IS research has found that computer-assisted decision-support can lead to higher quality decisions (Huber 1990 ). Additionally, the use of databases, explicative and predictive models, and fact-based management to drive decisions can augment organizational capabilities in supply chain organizations and contribute to better performance (Trkman et al. 2010) .
The third dimension of IS-enabled information processing capacities is communication: the transmission of information in a timely fashion and without distortion (Tushman and Nadler 1978) . Communication can occur both within and across organizations in order to support joint decision-making. Across the supply chain, for example, regular communication of essential information helps to create shared meanings with the effect of reducing cycle times (Hult et al. 2004) .
With respect to electricity demand-side management, the smart grid provides utilities with additional information processing capacities necessary to support the unique challenges of EDM. These capacities are enabled through two components of advanced metering infrastructure (AMI): smart meters and meter data management systems (MDMS). The smart meter is a computerized replacement to the electro-mechanical meter and contains a processor, storage, and communication capabilities. With AMI, the collection of large volumes of consumption data will become possible. Smart meters that enable near real-time logging of usage will enable utilities to capture billions of data points regarding electricity demand under different conditions, customer segments, and time of use (Moore 2008) . With this additional information, utilities will be able to design and implement a range of innovative programs targeted at different customer segments (Strueker and Dinther 2012; Valocchi et al. 2007) . Rather than using a one-size fits-all approach, better collection of data will allow utilities to design a more segmented and effective portfolio of EDM programs.
Along with the collection of data, business analytics is an essential requirement for EDM effectiveness.
This requirement can be supported through the MDMS, which is a utility-side data repository that can also provide advanced verification, estimation and editing capabilities needed to ensure the completeness and usefulness of the data (Moore 2008) . The MDMS provides the backbone for various business processes within the utilities, including billing, outage management, and demand-side management. Electricity demand forecasting relies extensively on historical data related to a range of factors such as weather patterns, economic conditions, prices and customer behaviors (Hyndman and Fan 2009 ). Utilities with AMI including MDMS will be able to more effectively capture and analyze this information to support the design of demand-side management programs.
The last information processing requirement associated with EDM is communication. Enhanced, two-way communications capabilities is one of the most significant differentiators of the smart grid (Farhangi 2010; Valocchi et al. 2007) . With the deployment of smart meters, utilities develop a robust communication channel for sending and receiving information from their customers. Instead of just pulling consumption information from customers, utilities are able to send different price or supply signals to their customers as part of demand response programs, or provide consumption reports to their customers on demand (Strueker and Dinther 2012) . In addition, through the MDMS and its integration with other corporate information systems, the internal flow of information is enhanced.
Thus, utilities have the additional capacities necessary to deal with demand-side and supply-side coordination which is an important requirement of EDM.
In sum, utilities face high information processing requirements associated with EDM. In order to maintain and enhance their performance, OIPT suggests that new information processing capacities are needed to meet these requirements. As utilities invest in AMI, they acquire new IS-enabled information processing capacities related to information collection, analysis and communication. Therefore, the first hypothesis is stated as follows:
H1:
In organizations, higher levels of IS-enabled information processing capacities from the smart grid are positively related to demand management effectiveness.
Information Waste and EDM Effectiveness
Despite sound theoretical reasoning suggesting that IS-enabled information processing capacities afforded by the smart grid will improve utilities' EDM effectiveness, there is another potential outcome that must be considered. What if utilities' EDM effectiveness were to decline in conjunction with increases in smart grid investments? How could this situation be explained?
To begin theorizing about this relationship, it is instructive to return to OIPT. As discussed above, there are three main concepts that provide the frame for OIPT: information processing requirements, information processing capacities and fit. In this framework, it is possible that a misfit between information processing requirements and capacities could occur if the capacities exceeded the requirements of the task. This would result in task uncertainty and put negative pressure on organizational performance. However, the explanation may not be this simple. Rather,
OIPT suggests that if there is a lack of fit between the information processing requirements and the organization's capacities with respect to a task, its performance will suffer unless it takes one of two actions: reduce the requirements or increase capacities (Galbraith 1973 (Galbraith , 1977 . Although not explicitly stated, there is an underlying assumption within OIPT that the accumulation of information processing capacities within the organization is categorically good, an assumption that seems to be borne out in practice. When faced with difficult business challenges, organizations repeatedly turn to information and information systems to help improve efficiency or gain competitive advantage (Hicks 2007) . Similarly, there is a wealth of IS literature regarding the development, adoption and use of information systems, and much less related the divestment of unneeded information systems. To justify this underlying assumption, it could be argued that excess capacities are simply put to the side, becoming irrelevant to the task and having no negative effect on an organization's performance. With research in OIPT lacking on this topic, it is difficult to assess which argument is most applicable in the case of EDM; thus, it is necessary to look to other theoretical perspectives to extend OIPT.
One stream of work that specifically considers the effects of excess information and information processing on organizational performance is lean information management. Lean thinking is a general management philosophy that focuses on eliminating waste and unnecessary processes in order to optimize customer value (Womack and Jones 1996; Womack et al. 1990 ). It has been extensively applied in the manufacturing sector and more recently adapted in the context of information management (e.g., Francis 1998; Hicks 2007 ) and IT services (e.g., Kundu et al. 2011) . What is most relevant to this this study is the concept of waste, a central focus within the lean management perspective. In order to improve performance, organizations must reduce and eliminate waste that leads to inefficiencies and diminishes the value provided to customers. Drawing on the lean perspective, information waste refers to additional actions or inaction that results because information is not timely, accurate, adequate and appropriate in amount relative to the context in which it is to be used (Hicks 2007) . Although information waste is generally less visible as compared to physical production processes, a number of different causes and categories of information waste have been suggested (see Hicks 2007; Kundu et al. 2011 ).
Returning to the context of this study, it is proposed that the deployment of smart grid technologies may give rise to a type of information waste described as flow excess waste (Hicks 2007) . Flow excess waste occurs when an excessive amount of information is collected and stored, or when there are excessive information flows (Hicks 2007) . Inefficiencies occur as a result of flow excess waste because employees must spend more time, effort and organizational resources to sift through volumes of information and find that which is relevant for decisionmaking (Edmunds and Morris 2000; Hicks 2007) . When utilities deploy the smart grid, smart meters provide the capacity for collecting billions of new data points (Moore 2008) . The question is whether this new information is appropriate in amount for the task at hand. To design and implement demand-side energy efficiency programs, utilities require information on their customers' consumption levels. However, because these programs are put in place for a period of time and do not change dynamically, real-time or highly granular (e.g., 15-minute interval consumption data) information is unlikely to be needed. In the case that detailed information is not required, smart meters could be configured such that more aggregated information is collected (e.g., longer intervals). However, this might not be possible in all cases. For instance, if smart meter data is used the utility in other business processes, such as outage management or billing, it may be necessary for the detailed information to be collected and disseminated despite the fact that it is excessive for demand-side management activities. Another, potentially more likely, reason why utilities may experience excess flow waste relates to organizational inertia. Many existing utilities have institutionalized practices and structures that temper both their interests and abilities to fully leverage smart grid capacities (Corbett 2012) . As a result, various components of the smart grid, such as the collection of interval consumption data by smart meter, may be implemented with little understanding or consideration of the organizational impacts and related capacities need to harness the data effectively.
In summary, although the smart grid provides new IS-enabled information processing capacities to utilities, it is argued that these capacities may have the effect of reducing organizational performance with respect to EDM. This is because of inefficiencies resulting from flow excess information waste. Therefore, the second, competing hypothesis follows:
H2:
In organizations, higher IS-enabled information processing capacities from the smart grid will be negatively associated with electricity demand-side management effectiveness.
Research Methodology
Although the smart grid is a global phenomenon, with initiatives being implemented in many countries (e.g., Clastres 2011; Fox-Penner 2010; Mason et al. 2010; Stromback et al. 2011) , this study tests the hypotheses in the context of the U.S. electrical utility sector. There are several reasons for this choice. First, by using U.S. utilities, the study is able to achieve a large and varied sample, while at the same time controlling for national-level conditions. Within the U.S., there is a large number of utilities, varying in terms of size, type of ownership (e.g., cooperatives, public-municipal, private), activities (e.g., generation, transmission, resellers), and regions. Although these utilities may face different state or regional conditions, the U.S. Federal government has made a substantial commitment to the smart grid which provides a similar macro environment for utilities within the country. A second benefit associated with using the U.S. electrical industry is the variation among firms in terms of progress in implementing the smart grid. This variation is important to be able to identify how information processing capacities are related to differing levels of EDM effectiveness. Finally, at a more practical level, there is a readilyavailable and consistent data set. The U.S. Energy Information Administration (EIA), an agency within the U.S Department of Energy, provides independent statistics and analysis on the U.S. energy sector (www.eia.gov/about) through monthly and annual electric power surveys which can be accessed freely and used for analysis.
Description of Data
For testing the hypotheses, this study used data reported under EIA Form-861, the "Annual Electric Power Industry Report" (the "Report") for 2009 2 . The first step was to extract from the Report relevant data. Within the report, 593 utilities reported having company-administered demand management programs and these were selected for the study. Utilities not within this sample generally include generation, distribution or transmission utilities that do not engage in EDM programs to reduce end-use consumption or energy efficiency and thus are not relevant to the particular research question. For each record (which represented a single utility), approximately 115 different data fields, such as utility size, location, customer segments, EDM programs, and smart metering, were extracted and consolidated into the data analysis file. Although the hypotheses could apply to all customer types (residential, commercial, industrial, transportation), the analyses were restricted to the residential sector. This is consistent with other smart meter research (e.g., Herter et al. 2007) , which suggests that residential responses to EDM strategies are likely to be more variable than business responses. Commercial and industrial consumers, particularly those with large electricity demands, react more predictably to changes in prices as compared to residential consumers who are motivated to conserve electricity or change behaviors for other reasons. A further consideration is the sufficiency of the sample for the various customer segments. Although most utilities serve both residential and business customers, the number of utilities and the number of customers per utility, are much lower for the business sectors, which limits the statistical power and generalizability of the results. Using the residential sector, the final sample size is 543
utilities. with different parameters to reflect actual versus incremental effects. Correlations between these four measures range from .304 to .760. Of these, one measure, the total actual, annual energy efficiency energy effects, most closely aligns with the conceptualization for EDM effectiveness, and is, therefore, used as the dependent variable for the analysis.
Measures
Independent Variables. This study includes three independent variables related to IS-enabled information processing capacities, each of which relates to a different type of metering device. The first is the number of AMR (automated meter reading devices) serving consumers. AMR are electronic meters installed by the utility that enable automated readings of electricity data with a one-way communication from the consumer to the utility. In this sense, the AMR devices provide support for information collection and some limited analysis when utilities have implemented a back-end meter data management system. The second independent variable is the number of smart meters 3 servicing customers. Smart meters are a more advanced metering technology enabling support for interval (periodic) data collection and two-way communication between the utility and its customers. Typically, smart meters are implemented within the AMI, therefore providing IS-enabled capacities for collection, analysis and twoway communication. The third independent variable is the number of net metering consumers. Net metering allows customers to both buy electricity and sell excess power that they generate locally back to the grid. Net metering is enabled through smart meters (with the associated IS-enabled capacities), but provides additional information collection, analysis and communication to support the two-way transactions of buying and selling electricity. Given different levels of smart grid adoption, utilities have different combinations of traditional electro-mechanical meters (with no or limited IS-enabled capacities), AMR, smart meters, or net meters.
Control Variables.
In order to be able to assess the impact of IS-enabled information processing capacities on EDM effectiveness, it is necessary to control for a number of other factors, in particular: utility size, ownership type, location, and load peak seasonality. With respect to size, a preliminary analysis indicated high correlations between total revenue, total energy sales, and number of consumers (all correlations greater than .943),
suggesting that these measures all relate to the same dimension of utility size. The number of consumers was chosen as the measure for size because it is more understandable than energy measures such as megawatt hours and is consistent with the scale of the independent variables which relate to number of meters and consumers.
Ownership type is a second control variable. Utilities in the U.S. may be formed as local cooperatives, municipal utilities, or investor-owned (for profit) organizations. In terms of EDM, investor-owned organizations may have more financial resources to implement AMI in order to improve operational efficiencies and shareholder returns. On the other hand, cooperative and government utilities might be more focused on the collective benefits of EDM, resulting in more effective programs. The Report provides ten different ownership categories for utilities, which were aggregated into three main categories: government (including municipal, state and federal entities), cooperatives, and investor-owned, with government comprising almost half of the sample. A series of ANOVAs were performed and revealed that there was no significant difference between government and cooperative groups, but that investor-owned utilities were significantly different from the other two categories. Therefore, the government and cooperative categories were collapsed and a dichotomous control variable was created for investorowned (=1) and non-investor-owned (=0). A final ANOVA showed a significant effect of ownership type on energy efficiency (F (1, 541) = 43.13, p<.05).
The third control variable is location. In the U.S. there are regional variations associated with EDM programs. Different geographical regions have different opportunities and constraints with respect to the capacity to generate electricity and to influence demand patterns. Additionally, there are different regulatory environments across states and regions, with some being more aggressive in the rollout of smart grid and EDM strategies. Among the leaders, California, Florida and Washington state are among the top six states for EDM programs (Hirst 1995) .
Based on these variations, a series of ANOVAs were conducted to assess whether there were significant differences between the NERC (North American Electrical Reliability Corporation) regions with respect to the dependent variable. Consistent with other observations, the analyses showed that WECC (Western Electricity Coordinating Council) and FRCC (Florida Reliability Coordinating Council) were similar to each other, but different from the other NERC regions. Therefore, another dichotomous variable was created for Location where WECC and FRCC utilities were coded as 1 and utilities in all other regions were coded as 0. Results of the comparison of the means indicated a significant difference in the effect on energy efficiency (F (1, 542) = 31.146, p<.05).
The fourth control variable relates to the season in which the utility experiences its highest peak load. The seasonality of the peak load may impact a utility's EDM effectiveness because of the types of loads and ability to adjust consumption patterns. For instance, in hotter seasons, peak usage is typically experienced in the summer as consumers use air conditioning or pool pumps that could be more easily adjusted than peak demand loads experienced in colder seasons. Based on measures for summer and winter peak loads (as reported by utilities in the Report), a dichotomous measure was computed: utilities with the highest peak in summer (summer-peaking) were given a value of 1 and non-summer peaking utilities were given a value of 0. A comparison of the means indicated that there was a significant difference in the dependent variable between the two groups (F (1, 542) =4.411, p<.05).
Results

Preliminary Analyses
Prior to conducting the main analyses, the data were screened using processes recommended by Tabachnik and Fidell (2007) . The following describes the preliminary analyses for the eight variables of interest.
Missing data. Given the regulatory nature of the Report, the risk of non-response bias or missing data is low as compared to traditional voluntary survey approaches. All utilities in the sample reported key information in terms of number of customers, revenue and sales. For other measures (e.g., number of AMR or smart meters) certain records contained blanks, which were interpreted to mean a value of zero (this interpretation was confirmed with EIA representatives responsible for preparing the data).
Distribution of Data.
Frequency statistics and histograms of the variables showed positive skew and kurtosis (Table 1) . Logarithmic transformations were conducted (Tabachnick and Fidell 2007) to see if they would result in more normal distributions. After completing the log transformations, the data distributions were reexamined. The logarithmic transformation resulted in a more normal distribution for the utility size control variable, but not for the other variables. Because the data accurately reflect the population (there is a large number of smaller utilities within the U.S. electrical industry) and the benefits of transformation to the analyses are marginal when all variables have a similar distribution (Tabachnick and Fidell 2007) , it was decided to continue the analysis with untransformed variables. This approach also provides for easier interpretation of the results.
Univariate and Multivariate Outliers. Both univariate and multivariate outlier analyses were conducted (Tabachnick and Fidell 2007) . One utility appeared to be an outlier (Utility ID=14328) across most analyses. There are four reasons why there might be outliers in data: incorrect data entry, failure to specify missing-value codes so they are read as real data, the outlier is not a member of the intended population, and the case is part of the intended population but the distribution of the variable in the population has an extreme, non-normal distribution (Tabachnick and Fidell 2007) . The latter situation seems to apply to this data. In order to assess the impact of this outlier, the analyses were conducted both with and without that record. The results were consistent, although somewhat weaker, when the extreme case as excluded. Given the generally consistent results and the fact that the utility is a legitimate member of the population, the decision was made to report the results using the full sample data.
Multicollinearity. Multicollinearity can be problematic in regression analyses when two or more independent variables are highly correlated (e.g., above .90) (Tabachnick and Fidell 2007) . In this data, correlations between the independent variables are low to moderate, with the highest correlation being .68 between smart metering and net metering (Table 1) . Collinearity diagnostics were performed. The condition index was below 5 in all cases and no dimension had more than one variance proportion greater than .50, suggesting that the threat of multicollinearity is low (Tabachnick and Fidell 2007) .
Endogeneity. Endogeneity occurs when a regressor is correlated with the error term and can lead to biased and inconsistent parameter estimates (Mithas and Krishnan 2009) . Endogeneity may arise from several problems including simultaneity, omitted variables, and errors in measurement (Chenhall and Moers 2007; Mittal and Nault 2009 ). The two-stage least squares (2SLS) test was applied to the data. Because there is no suitable instrumental variables available in the data, the analysis used a lagged variable (Chenhall and Moers 2007; Mittal and Nault 2009 ). Results of the Durbin-Wu-Hausman test did not indicate problems with endogeneity, thus leading to a preference to use the proposed independent variables for testing the hypotheses.
Tests of Hypotheses
In order to test the hypotheses, hierarchical multiple regression was performed. This analysis was conducted in four steps. The first included the control variables. The following three steps added AMR metering, smart metering and net metering, respectively. This was done to help isolate the effects of different IS capacities within the metering technologies. Occurrences of positive betas for the independent variables indicate support for the first hypothesis, whereas negative betas support H2. The means, standard deviations and correlations are shown in Table 1 and the results of the hierarchical regression are summarized in Table 2 . Number Overall, the model explains 73.2% of the variance in energy efficiency effects associated with EDM programs (F = 212.35, p < 0.001). The set of control variables was significant, accounting for 51% of the variance (F = 140.24, p < 0.001); however, whether a utility had its peak demand in summer or winter was not significant across any of the models. In Model 2, AMR has a significant negative beta (β = -0.20, p <0.001), which is consistent with H2. In contrast, Models 3 and 4 show significant positive effects of smart metering (β = 0.31, p <0.001) and net metering (β = 0.56, p <0.001), respectively, which support H1. The largest change in R 2 occurs in Model 4, where the addition of net metering raises R 2 by 12.8%. These results suggest several implications that are discussed further below.
Discussion and Conclusion
This study set out to explore the relationship between smart grid information systems and technologies and utilities' demand-side management programs related to energy efficiency. It was motivated by a simple question: do smart grid information systems and technologies make a difference in utilities' efforts to promote energy efficiency?
Based on the results of this study, the answer appears to be yes but the effect may not always be positive.
Drawing on organizational information processing theory and extending it by integrating the concept of information waste, two competing hypotheses were developed outlining different situations in which IS-enabled information processing capacities would either improve or reduce EDM effectiveness. These hypotheses were tested using hierarchical regression of U.S. utility data and the full model was found to explain a high portion of the variance in annual energy efficiency effects of EDM programs. The findings suggest that there are information processing capacities within electricity metering technologies that have a significant influence on utilities' EDM effectiveness. However, delving into the results further, the message is less clear. The somewhat surprising support for both hypotheses suggests that more information processing capacities in all cases may not be good. To understand these results better is useful to consider them in context of the different information processing capacities that the different metering devices provide.
First, in support of H2 concerning information waste, there was a negative relationship between AMR metering and energy efficiency effects of EDM programs. Within this study (and industry) AMR (automated meter readers) represent the lowest level of IS-enabled information processing capacities. These digital devices are a stepup from traditional electro-mechanical meters that require manual data capture because they allow utilities to pull (via a one-way communication link) consumption data from the consumer location. While these devices enable the more efficient collection of greater volumes of data, it appears that this additional capacity may be hampering rather than helping utilities' demand-side management activities. The question then becomes why? What happens when utilities begin collecting more granular consumption data through the use of AMR? One possibility is that the data collected through AMR devices are simply being used in the same way as manually collected meter data; in other words, primarily for billing rather than designing, implementing and managing more innovative or tailored demandside management programs. Any additional data or data collected in a more timely manner are not being leveraged to improve EDM. This explanation, however, only goes part way. If the information was simply collected and then set aside, the relationship between AMR and energy efficiency should at worst be insignificant and neutral. The significant negative relationship between AMR and energy efficiency suggests, then, that the automated collection of additional information may be creating inefficiencies or waste within the utilities' information processing activities, that are diminishing performance. Perhaps the utilities are overwhelmed by the incoming data and how to manage it, or preoccupied with trying to figure out what do with it in the context of EDM. These scenarios fit logically into the concept of flow excess waste (Hicks 2007) as described earlier.
Despite support for H2 with respect to AMR, the results are reversed for higher levels of IS-enabled information processing capacities. In the case of smart metering and net metering, positive relationships were found between the technologies and energy efficiency effects in EDM, thus providing support for H1. Such a change in the nature of the relationship suggests that there is some capacity inherent in advanced metering infrastructure that is more easily leveraged by utilities. Three main elements of information processing capacities were identified:
collection, analysis and communication. In specifying these elements, there was no differentiation in terms of relative importance or priority between the three. However, the findings could suggest a different interpretation:
relative to the collection of information, IS-enabled capacities for analysis and communication are of greater importance to improving EDM effectiveness. Consider that the technical capabilities of both smart and net metering are similar. Both types of meters are generally implemented with a MDMS, provide two-way communications between the utility and its customer, and can be integrated with other consumer or utility systems. Utilities can use these devices not only to collect data, but to transform it into meaningful information and communicate it and other relevant demand signals to the consumer.
Although differences in the relative importance of information processing capacities may help to explain why H2 was not supported at higher levels of information processing capacities, it does not fully account for the stronger influence of net metering as compared to smart meters. As noted, the IS-enabled capacities between smart metering and net metering are similar. While smart meters can be widely deployed, net metering only occurs when utility customers also become suppliers of electricity by having local (small-scale) generation facilities, such as rooftop solar or micro wind-turbines on their properties 4 . The question is why, with similar IS-enabled information processing capacities, net metering would have such a noticeable impact on utilities' energy efficiency. One line of reasoning is that utilities that support net metering arrangements are more advanced in their smart grid deployment and, therefore have developed higher information processing capacities (both IS-enabled and non-IS) leading to improved internal efficiencies. By extension, this would imply that utilities should be encouraged to adopt a range of smart grid technologies in order to develop new organizational capacities. Alternatively, a second potential explanation can be drawn from one of the main premises of energy informatics which highlights the interconnectedness between supply and demand in energy consumption systems and the need for joint management (Watson and Boudreau 2011) . By taking on the additional role of electricity supplier, net meter customers may become more educated and sensitized to the importance of energy efficiency. On the part of utilities, net metering requires that they interact with their customers in new ways, share more information, and work with customers as partners toward common goals. While net metering may create more psychological connections between the utility and the customers, it may also serve as a motivation to develop joint information processing capacities along the supply-consumption chain.
A final implication of this study relates specifically to OIPT. The findings suggest that OPIT should be extended in two ways. First, it is important to consider situations where organizations have excess capacities and what the effect is on organizational performance and structure. In this regard, the lean management literature is complementary to OIPT as it focuses on efficiency and reducing waste. Second, in the current conceptualization of OPIT, organizations faced with changing task complexity seek to acquire or develop the necessary information processing capacities, such as investments in IS. However, it may be unreasonable to expect that both the acquisition and impact of such capacities are immediate, consistent with other research suggesting that the IT-organizational performance relationship may only be evident after a time lag that is sufficiently long to allow for organizational learning and adjustments that accompany the change (Fairbank et al. 2006 ). Presupposing that the information processing requirements of demand management are continuing to change within the smart grid environment (Corbett 2011) , then a similar change process with respect to IS-enabled information processing capacities could be expected. Therefore, longitudinal application and extension of OIPT could present novel insights for IS.
Limitations and Directions for Future Research
There are a number of limitations to this study that should be noted. First, the sample was limited to U.S.
utilities. Although the composition of the U.S. industry with its cross-state variations allows for some generalization of results to other locales, it may not capture the full range of the smart grid on a global scale. Other countries, particularly in Europe, are making faster progress deploying smart meters and there is significant regional variation in the regulatory environments for electricity and emphasis on demand-side management. Therefore, future research that specifically considers broader global implications of the smart grid and energy efficiency improvements would be a useful extension of this research.
Second, the deployment of smart meters in the U.S. is relatively recent and the EIA only began collecting and reporting smart meter information in 2007. Therefore, it is possible that the results may be subject to some volatility as utilities gain more experience with AMI and the associated IS-enabled information processing capacities. The current study is cross-sectional and considers the relationship between IS and energy efficiency within a given year. Accordingly, further research that examines the relationship between utilities' AMI investments and their EDM effectiveness over time would be worthwhile to further understanding how information systems can contribute to improving energy efficiency over the long term.
A third limitation of this research is that it focuses specifically on energy efficiency effects of EDM programs. This limitation was by design: energy efficiency has for many years been the primary focus of utilities'
EDM strategies and there are significant financial and environmental benefits to be gained from looking at this dependent variable. However, as discussed earlier, the smart grid creates new opportunities for utilities to engage in the other category of EDM strategies, specifically peak load management. The potential for load management, which strives to reduce the height of peak demand during short-term fluctuations, also has significant benefits. Load management, as a dynamic demand management strategy, requires two additional mechanisms that are not needed for passive EDM: first the availability of demand signals that trigger a response or action; and second, operational systems and procedures for handling and responding to demand information (Taylor and Fearne 2009) . Therefore, because of the shorter-term horizon and dynamic nature of load management EDM strategies, there may be a need for higher IS-enabled information processing capacities. Future research that examines the relationship between IS and peak load management would help to provide a broader and more complete view of the role of IS in EDM.
Finally, the data, although consolidated and reported by an independent government agency, is selfreported by utilities and therefore may be subject to a favorable bias. This concern is partially offset by the reasonably well-defined rules by which utilities calculate EDM program effects. A second consideration that might bias the data concerns the net effects of IS-enabled information processing capacities. As our reliance on IS grows, IS are themselves responsible for an increasing amount of electricity usage and, in turn, greenhouse gas emissions (The Climate Group 2008). Therefore, reductions in electricity consumption resulting from EDM programs should be offset against utilities' increased demands for electricity in order to support these programs. Finally, with respect to electricity, we also need to be attentive to rebound effects that occur when increases in energy efficiency paradoxically result in increased consumption (Sorrell 2009 ). To address this limitation, research that examines actual electricity consumption in conjunction with energy efficiency effects of EDM would be beneficial.
Implications for Practice
For practitioners, this paper also holds several implications. Within the electricity sector, the smart grid transformation is underway. Billions of dollars and thousands of hours are being invested in bringing new intelligence to an information-based electricity market of the future (Fox-Penner 2010). This research suggests that IS-enabled information processing capacities embedded within the smart grid can play a significant role in improving EDM effectiveness. However, it is essential that utilities do not merely follow blindly in implementing new IS (Corbett 2012 ) without carefully considering the context and requirements. Utilities need to carefully examine their long-term plans for EDM, types of strategies to employ and then align IS investments to effectively support those needs. The research also suggests that utilities should think carefully about the evolving relationship with their customers. For instance, to what extent can utilities promote and take advantage of joint EDM with their customers, sharing responsibility for energy efficiency and peak load management? With customers evolving from simply consumers to 'prosumers' (e.g., both producers and consumers), there may be exciting opportunities for cocreation of value within the electricity value chain.
Contributions and Final Thoughts
Although a modest first step, this paper represents an important contribution to the IS research community.
By providing an empirical assessment of the relationship between IS and energy efficiency, this work adds to our collective knowledge in energy informatics and green IS. The findings provide significant support for the idea that IS can help to advance global environmental sustainability if deployed in a strategic and appropriate manner. By drawing on organizational information processing theory and extending it by integrating the concept of information waste, the study also provides a theoretical perspective for understanding the mechanisms by which utilities can design and implement more effective EDM strategies. Beyond the electricity sector, the findings of this research may be applicable to other organizations as they seek to leverage IS-enable information processing capacities in order to improve their environmental improvements across a range of different operational activities. One of the challenges with emergent research areas is deciding where to start. This study began with a relatively simple goal of assessing the relationship between IS and energy efficiency within the context of electricity demand-side management. In doing so, a number of potentially fruitful avenues for future research were discovered. Given the scientific evidence regarding climate change and its potential impact on the ecosystem and human civilizations, we cannot afford to wait to make dramatic changes in how we use the earth's resources. Electricity is a foundation on which our economies and societies have been built, and as such, we must make steps to ensure that it is part of the future solution. The smart grid will not live up to its name if we do not critically assess what intelligence is actually being created and how it is being used. It is hoped that this effort will inspire other scholars to continue to explore the contributions that IS can make to the smart grid and environmental sustainability.
